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Expanded articles of biodegradable plastics materials 
and a method for their production 

The present invention relates to expanded articles 
of biodegradable plastics material and to a method for 
producing such articles. 

In recent years, many attempts have been made to 
5 produce biodegradable moulded articles. Amongst the 
various materials proposed for producing such articles, 
the starches are certainly the most desirable since they 
are cheap, natural products which are very abundant in 
nature and are completely biodegradable, 

10 Published European patent application EP-A-304,401 

describes a method for the injection-moulding of cap- 
sules from destructurized starch. The articles produced 
by this process, however, have poor mechanical proper- 
ties as well as being very soluble in water. 

15 Unpublished Italian patent application No. 41002- 

A/89 and the corresponding international application 
PCT/EP90/00375 (as yet unpublished) describe a method 
which enables the production of moulded articles with 
improved mechanical properties, in which the starch is 

20 mixed with an ethylene-acrylic acid copolymer, possibly 
with the addition of urea and/or ammonia in an extruder 
heated to a temperature of between 90 and 150°C. In 
this method, the water content of the extrusion is 
brought to less than 6% by weight, preferably less than 

25 2% by weight, and the resulting composition is then 
extruded at a temperature of between 130 and 160° C. 

EP-A-0 87 847 describes a process for preparing 
foamed gelatinized products made of starch, by heating 
granular or pulverized starch in an extruder press at a 
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temperature of from 60 to 220° C in the presence of 
10-30% wt of water and a gas-forming or gas-generating 
expanding agent. The obtained foamed material has open 
pores and high water' solubility, which make it suitable 
5 for use only as packing material for the protection of 
fragile articles or as a sound-adsorbing or thermal 
insulating material or as a foodstuff. 

The purpose of the present invention is to provide 
expanded articles which as well as being substantially 

10 biodegradable., are water insoluble and can be obtained 
by a conventional processing technique for thermoplastic 
materials such as extrusion or injection moulding and 
have mechanical properties such as bending strength and 
elongation comparable to conventional foamed plastics. 

15 in view of that purpose, a first subject of the 

invention consists of expanded articles characterized in 

that they are made of a material including starch and 

synthetic polymer selected from the group consisting of 

e thy lene-acryiic acid and ethylene- vinyl alcohol copoly- 

20 mers and mixtures thereof, such articles having a closed 

3 

pore structure and a density of from 0.1 to 0.3 g/cm . 

The etfoylene/vinyl alcohol copolymer which is used 
for the production of the expanded article has pre- 
ferably an ethylene content of from 10 to 40% by weight 

25 (15-50%: rnol)-, more preferably of from 30 to 35% mol, 
With a melt flow index (230°C, 2.16 kg) of between 2 and 
50, preferably between 6 and 20. 

Further preferred features for the ethylene/vinyl 
alcohol copolymer are as follows: 

30 Intrinsic viscosity, 0.50-0.9 



5/15/06, EAST Version: 2.0.3.0 



WO 91/02023 



PCT/EP90/01252 



- 3 - 



(in DMSO at 30°C) 

Molecular weight distribution Mw/Mn 

(GPC in tetrahydrofurane) 

Melting point temperature 



preferably 0.65-0.80 



180°C 



1.3-4 



5 



preferably 



160-170°C 



Hydrolysis degree 



90-99.9% 



Basic hydrolysis and titration of the residual 



base with acid. 



The preferred ethylene-acrylic acid copolymer 



10 (EAA) is that produced by copolymerization of a mixture 
including from 3 to 30%, preferably 20%, by weight of 
acrylic acid and, correspondingly, from 97 to 70%, pre- 
ferably 80% by weight of ethylene. 



15 the starches of a natural or vegetable origin, composed 
essentially of amylose and/or amylopectin. They can be 
extracted from various plants such as, .for example, 
potatoes, rice, tapioca, maize and cereals such as rye, 
oats and wheat, maize starch is preferred. Chemically- 

20 modified starches can also be used as the starches. 

The starch and the polymer may be used in a ratio 
of from 9:1 to 1:9 and preferably in a ratio of from 4:1 
to 1:4, however the invention is particularly concerned 
with articles where the synthetic polymer constitutes 

25 from 20 to 40% wt referred to the total amount of starch 
and polymer. 

The expanded articles according to the invention 
may be obtained with use of a physical expanding agent, 
such as carbon dioxide and n-pentane or of a chemical 
3° expanding agent, such as carbonate salts which are fed 



The starch which is used comprises in general all 
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to the extrusion .barrel together with the blend of 
starch and polymeric*;material , 

According, to a preferred method, use is made of 
sodium bicarbonate together with a polymeric acid compa- 
5 tible with starch, 

A further subject of the invention is therefore 
constituted by method for the production of expanded 
articles of biodegradable plastics material, character- 
ized in that it includes the step of extruding a composi- 

10 tion including, . starch and a synthetic polymer selected 
from the groijp consisting of ethylene-vinyl alcohol and 
ethylene -acrylic acid copolymers and mixtures thereof, 
in the presefifce of a polymeric acid and sodium bicarbon- 
ate as the expanding agent. 

15 The use of sodium bicarbonate as a chemical 

expanding a©gnt for the production of expanded articles 
of conventional, synthetic plastic material is known; 
however, its use as the only expanding agent produces 
expanded plastics materials with rather poor properties 

20 in terms of expansion. In practice, therefore, the 
sodium bicarbonate is to advantage used only as a 
nucleating a£ent in conjunction with a physical expand- 
ing agent, as in , the production of expanded polystyrene 
sheets, for example. Its use as an expanding agent for 

25 starch, as shown in the above mentioned EP-A-0 087 847, 
provides an ppen pore structure, which is unsuitable for 
the purposes of the present invention. 

Within the scope of the method according to the 
invention, however, it has been found that in combina- 

30 tion with the jaforementioned polymeric acid, sodium bi- 
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carbonate has an effective expanding action which enab- 
les the production of expanded materials with densities 
down to 0.1 and generally between 0.1 and 0.3. 

Without wishing to go into the physical -chemical 
5 mechanism of the expansion, it is thought possible that, 
in the method according to the invention, the expansion 
is not caused by the thermal decomposition of bicarbo- 
nate but takes place as a result of a chemical reaction 
between the carboxyl groups of the polymer used and the 
10 bicarbonate with the liberation of carbon dioxide and 
water. 

The polymeric acid which is used, is preferably a 
polymer having lateral carboxyl groups such as poly- 
acrylic acid, ethylene-acrylic acid copolymers .(EAA) and 
15 ethylene-vinyl alcohol-acrylic acid copolymers. The 
same EAA copolymer which has been hereinabove defined 
may be used. 

The extrusion temperature may range from 100 to 
180 °C depending upon the choice of the copolymer which 

20 i S mixed with starch. 

In the embodiment where the copolymer which is 
mixed with starch and the polymeric acid are both an EAA 
copolymer, the extrusion temperature may be as low as 
100 to 120°C and preferably between 100 and 110°C, i.e. 

25 below the temperature of thermal decomposition of the 
bicarbonate. The fact that, according to this embodi- 
ment, the best results in terms of expansion were 
achieved when the extrusion was carried out in an extru- 
der heated to a temperature below the temperature of 

30 thermal decomposition of bicarbonate, corroborates the 
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hypothesis that the expansion is caused by the genera- 
tion of carbon dioxide and water as a result of the 
chemical reaction between the carboxyl groups of the 
polymeric acid and the bicarbonate. 
0 The quantity of sodium bicarbonate added is at 

least 0.3 of the equivalent weight of the bicarbonate 
for each, equivalent weight of three carboxyl groups in 
the polymeric acid. 

In order to facilitate the expansion, nucleating 
10 agents, such as, for example, silicas may be included in 
the polymeric composition. 

In order to further reduce the density of the 
foamed, (extruded) articles, when desirable, it is 
advantageous to . add to the polymeric composition within 
15 the extruder, as a filler, a pyrolized foamed starch, in 
granular form, as obtainable from the process of the 
above mentioned EP-A-0 087 847 or hollow, glass micro- 
spheres in a quantity up to 30% wt with respect to the 
overall composition and preferably between 5 and 20% wt. 

The extrusion: process is carried out in such a way 
that the starch /is : substantially destructured and the 
starch phase interpenetrates the copolymer phase. 

In order to encourage the destructuring of the 
starch, which, has its own intrinsic water content gene- 
25 rally of between 10 and 13% wt, water may be added up to 
a quantity of. approximately 25% by weight of the weight 
of the ,dry starch. The water content of the final 
product however, must be less than 6% and preferably 
between 0 and 2% by weight. 

30 mi. 

The composition which is extruded may also include 
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urea up to 30% of the total composition- and highboiling 
plasticizers, such as glycerine, ethyl glycol and the 
like. Further additives may be considered in dependence 
on the desired characteristics and applications of the 
5 expanded material to be produced. The additives may 
include polymeric materials such as polyvinyl alcohol, 
conventional additives used in the preparation of 
plastics materials, such as UV stabilisers, flame- 
proofing agents, fungicides, herbicides, anti-oxidants , 
fertilisers, opacifying agents, antiblocking agents, 
lubricants and plasticizers. 

Expanded articles can also be produced by the 
addition of sodium bicarbonate to pellets of starch and 
a compatible polymer produced beforehand by the method 
described in PCT/EP90/00375 the contents of which should 
be considered as incorporated in the present specifica- 
tion as a reference. 
Example 1 

A composition was prepared, containing: 
36% by weight of the starch GLOBE 3401 CERESTAR 
with a water content of 11%; 

36% by weight of the Dow Chemical copolymer EAA 
5981 with a 20% acrylic acid content; 
6% by weight of water; 
14% of urea, and 

8% by weight of sodium bicarbonate. 
The products were premixed and then supplied to an 
extruder for the extrusion of expanded tubing. The 
temperature in the extruder was kept within the range of 
between 100 and 110°C. 
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The expanded product had a density of approximate- 
3 

ly 0.15%. g/cm with closed-cell dimensions of between 
0.3 mm. and 2 mm and elongation higher than 10% 
Example 2 . .. 
5 A composition was prepared containing: 

36% wt of the starch GLOBE 3401 CERESTAR . 

18% wt of the EAA copolymer DOW 5981 

6% wt of water 

9% wt of glycerine 
10 5% wt of urea 

18% ethylene-vinyl alcohol (ethylene comonomer 
content 30% jnol) 

8% wt sodium bicarbonate 

The composition was mixed in the extruder barrel 
15 at 17 °C and. injection moulded to provide slab specimen 
having; dimensions 3 x 120 x 20 mm. 

The expanded product had a density of about 0.3 

3 

g/cm with closed-cell dimensions between 0.5 and 2.5 
mm. 
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CLAIMS 

1. Expanded articles of biodegradable plastics mate- 
rial characterized in that they are made of material 
including starch and a synthetic polymer selected from 
the group of ethylene-vinyl alcohol and ethylene-acrylic 

5 acid and mixtures thereof, said articles having a closed 
pore structure and a density of from 0,1 to 0.3 g/cm 3 . 

2. Expanded articles according to claim 1, wherein 
the ethylene-vinyl alcohol copolymer has an ethylene 
content of from 10 to 40% by weight and a melt flow 

10 index of from 6 to 20. 

3. Expanded articles according to claim 1, wherein 
the ethylene-acrylic acid copolymer is produced by the 
copolymerization of a mixture including from 3 to 20% by 
weight of acrylic acid and from 97 to 70% of ethylene. 

15 4. Expanded articles according to claim 1, in which 
the starch and the copolymer are in a weight ratio of 
from 1:4 to 4:1. 

5. Expanded articles according to claim 1, further 
including urea and/or a high-boiling plasticizer. 
20 6. Expanded articles according to claim 1, further 
including a polymeric acid selected from the group, con- 
sisting of ethylene-acrylic acid, polyacrylic acid, and 
ethylene-acrylic acid-vinyl alcohol copolymer. 

7. Expanded articles according to claim 1, including 
25 a filler consisting of granular pyrolized foamed starch 

or hollow glass microspheres. 

8. A method for the production of expanded articles 
of biodegradable plastics material, characterized in 
that it includes the step of extruding a composition in- 
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eluding starch and a synthetic polymer selected from the 
group of . ethylene-vinyl alcohol and ethylene-acrylic 
acid in the", presence of a polymeric acid and sodium 
bicarbonate, -as the expanding agent. 
5 9. A ■ method according to claim 8 wherein the 

polymeric acid is -selected from the group consisting of 
polyacrylic. acid, ethylene-acrylic acid and ethylene- 
acrylic acid-vinyl alcohol copolymers. 

10. A method according to claim 8 in which the copoly- 
0 mer is produced by a copolymerization of a mixture 

including from 3 to 20% by weight of acrylic acid and 
from 97 to 70% of ethylene. 

11. A method according to claim 8 wherein the ethylene 
vinyl alcohol copolymer has an ethylene content of from 

5 10 to 40% by weight and a melt flow index of from 6 to 
20. ^ 

12. A method according to claim 8 wherein the quantity 
of sodium bicarbonate added is equal to at least 0.3 
equivalents pf the bicarbonate for each equivalent 

0 weight of £r6e . carboxyl groups in the polymeric acid. 

13. A method according to claim 8, in which the starch 
and the copolymer' are in a ratio of from 4:1 to 1:4.. 

14* A method according to claim 8, in which the com- 
position includes a quantity of urea of up to 30% by 
5 weight of the total weight of the composition and/or a 
high-boiling plasticizer. 

15. A method according to claim 8, wherein both the 
copolymer , and the polymeric acid are ethylene-acrylic 
acid and wherein the composition is mixed in an extruder 
0 barrel heated r to a temperature of between 100°C and the 

' ,:. • • - ' 
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temperature of thermal decomposition of the bicarbonate. 
16. A method according to claim 8, in which the com- 
position includes a quantity of water of from 10 to 25% 
by weight of the weight of the dry starch. 
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